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Automobile instrument panels for the real world
D. Formosa Daniel Formosa Design Inc., New Jersey, USA

Abstract
A design research study was conducted to investigate a topic that many are calling an imminent
crisis – the needs of older drivers. Undertaken in conjunction with the Ergonomics and
Biomechanics Department at New York University and the Design Department at the University of
the Arts in Philadelphia, this study explores automobile instrument panel design and the driving
capabilities of younger and older drivers. The study looks at the following factors pertinent to the
design of instrument panels:
1)
2)
3)
4)

the affect of deterred visual attention on vehicle control.
drivers' abilities to reach for the instrument panel without looking.
differences in reach accuracy between younger and older drivers.
differences in vehicle control between younger and older drivers.

Forty-eight drivers, aged 20 to 40 and 60 to 80 years, participated. Findings include:
- For all drivers, steering accuracy is impaired when reaching.
- Steering impairment is worse for older drivers.
- Controls both closest and furthest from the steering wheel elicit better accuracy.
- Locating the control by touch, rather than glance, results in more accurate reaches.
- Older drivers are less accurate than younger drivers.
- Older drivers reach faster, possibly the result of driving strategy.
- Errors are systematic - drivers consistently reached too far and too low.
This study was designed and conducted to address the specific needs of a vehicle design team.
Recommendations for automobile instrument panel design, as well as design methodology, are
discussed.
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Automobile instrument panels for the real world
Overview
Since the 1920’s the United States has invested heavily in highways, forgoing alternative methods
of public transportation. As a result we have become highly reliant on personal vehicles for a
variety of day-to-day activities, and for our personal independence. For most people giving up the
right to drive is unthinkable. Unfortunately the highway system was never designed with older
drivers in mind. Similarly, automobiles have traditionally been marketed to appeal to our sense of
romance and adventure. Few companies have envisioned a way to wed this history with current
reality. While driving has generally become safer in recent years, the fatality rate for older drivers is
increasing.
The number of older drivers in the United States continues to grow. In 1999 there were more than
11 million drivers aged 75 and older. Forty five percent of people aged 85 and older, approximately
1.8 million, are licensed drivers.
While significant improvements have been made in vehicle safety in recent years the proliferation
of in-car electronics has complicated matters. Cellular phones are first among the in-car electronics
that have been shown to severely compromise safety (Redelmeier and Tibshirani 1997).
Current instrument panels show that automobile companies have not embraced the concept of
inclusive design. Small, black-on-black controls that require extended visual attention are
commonplace, and not a proper solution. In personal conversations, automobile component
designers admit working without regard to driving tasks or environment. These components are
later placed on the instrument panel by the automobile interior designers. The same radio, therefore,
may be placed high or low, regardless of button size, reach abilities, visual access or required
glance times. The process is inadequate.
Primary controls within the automobile, the basic controls required to operate the vehicle, include
controls such as the steering wheel, accelerator and brake. These controls, of course, are accessed
by "blind reach", meaning they do not require the driver to glance at them prior to use. Other
controls, such as heating, air conditioning and audio controls are secondary and in almost all cases
require some level of visual attention.
Driving can be described as an act of “continuous crash avoidance”. Drivers need to maintain
forward view at all times. The main risk associated with improper design of secondary controls is
the amount of visual attention required to perform the task. Glances away from forward view are
possible, but typically will last only 0.6 to 1.0 seconds (Figure 1). Within that time a driver must
search, light adapt, focus, obtain the visual information, manipulate, return to forward view, refocus
and light adapt. While this is a challenge for all drivers, these processes are typically slowed with
age. Therefore while deterred visual attention is a problem for all drivers, older drivers are more
affected.
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Figure 1: Glance length. While driving, a typical glance away from the forward view lasts between
0.6 and 1.0 second (adapted from Wierwille, 1993).

Goals
The following questions were addressed in the study:
Steering Accuracy
1. Is steering accuracy affected by in-vehicle reach tasks, and to what extent?
2. Are drivers of different ages affected differently (i.e., will steering accuracy for older drivers be
more severely affected when compared with younger drivers)?
Accuracy of reach
3. Is reach accuracy a function of the distance to the control on the instrument panel? That is, as the
reach distance increases, will accuracy worsen?
4. If the driver locates the control through touch (by touching it, returning the hand to the steering
wheel, then reaching again), will the reach be more accurate than locating the control by glance?
5. Will older drivers demonstrate poorer accuracy than younger drivers?
Motor reaction time
6. Will older drivers exhibit significantly slower movements than younger drivers?

Methods
Forty-eight drivers, aged 20 to 40 and 60 to 80 years, participated in the study. Each age group
included 12 males and 12 females. The drivers were asked to operate a driving simulator, steering
through a predefined course. The driving simulator positioned the driver on the left, as standard in
the US. While steering, various reach tasks were performed with the right hand to the instrument
panel. The instrument panel area was divided into a grid of twenty-five points, five columns across
and five rows high, spaced 100 mm. apart. These points represent possible placements for push
buttons or other controls on the instrument panel. The two lowest targets in the column closest to
the steering wheel were eliminated because the driver's knee would occupy this area, resulting in a
total of twenty-three targets. Only one target was visible at a time, made possible by back lighting
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the target. Drivers were asked to glance and reach for the target at various times during the driving
simulation.
For each of the twenty-three targets drivers steered by following a 90-second driving simulation.
Drivers were asked to reach using two methods of locating the target. In one method, drivers
glanced at the target, then reached for it without looking. In the second method drivers looked at the
target, placed their finger on it, and memorised it's location through touch. Their hand returned to
the steering wheel, and they were asked to reach for that target without looking. Both methods
could be expected during real-world driving. Each subject underwent two practice sessions prior to
data collection.
The simulator, along with instrumentation developed specifically for this study, collected
information on steering accuracy, reaction times, hand movement times and reach accuracy. The
data was plotted to help visualise the results and display differences and patterns. It was then
analysed to quantify the difference and show statistical significance for a number of variables.

Results
Steering Accuracy
For younger drivers, when glancing at the target, steering accuracy worsened by 40% (relative to
their baseline performance, with both hands on the steering wheel and eyes on the road ahead).
When reaching for the target without looking, eyes on the road ahead, steering accuracy worsened
by 49%.
The steering accuracy of older drivers was affected to a greater extent by the glance and reach tasks.
For older drivers, these numbers were 53% and 65%, respectively.
When the younger drivers were asked to touch and hold their finger on the target, steering accuracy
worsened by 40%. When the younger drivers then reached for that target without looking their
steering accuracy worsened by 49%. For older drivers, these numbers were 78% and 52%.
This answered both questions falling under the category of Steering Accuracy. For both age groups,
steering is adversely affected during glance and reach tasks to the instrument panel. Older drivers
are more severely affected than younger drivers.
Statistical analyses showed these results to be highly significant. The results of the Analysis of
Variance for the effects of Age Group, Subject (nested within Age Group), Target Location, and
Steering Sequence show that glance and reach tasks had a significant effect on steering accuracy
(p< .0001). The effects of Age Groups, Individual Subject Performances, and the Target Locations
were also highly significant (p < .0001). The Tukey-Kramer test indicated that the steering accuracy
during each of the four glance and reach tasks was significantly different from the baseline steering
performance.
In comparing the steering performance, Analysis of Variance showed differences between younger
and older driver groups to be significant at p < .0001.

Accuracy of reach
Results show that reaches to targets closest to the steering wheel were most accurate. Accuracy
worsened as reach distance increased. However, in some cases accuracy improved at the furthest
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extent of reach. Reach accuracy is plotted in Figures 2a and 2b. The steering wheel is shown as a
grey circle. The twenty-three targets are located at the intersections of the grid, spaced 100 mm.
apart. The driver's knee occupies the position of two lower grid point closest to the steering wheel,
therefore those targets were not included. Reach accuracy is plotted using ellipses. Based on the
obtained results, each ellipse encompasses the area in which 90% of reaches can be expected to fall.

Figure 2a: Reach accuracy for younger drivers. The intended targets are at the intersections of the
grid. The ellipses indicate the area encompassing 90% of the reaches made to that target.

Figure 2b: Reach accuracy for older drivers. The intended targets are at the intersections of the
grid. The ellipses indicate the area encompassing 90% of the reaches to that target.
As a group, older drivers were less accurate than the younger drivers, indicated by the larger
ellipses in the diagrams. Although the intended targets are located at the intersections of the grid, it
can be seen that the actual hit locations tended to be low and to the right. The centres of the ellipses
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represent the average locations of the reaches, and for all ellipses the centres show drivers reaching
too far and too low. In addition, it is typical for a pushbutton on an instrument panel to be as small
as 10 mm. wide, even smaller in some cases. Audio controls, for example, tend to be minuscule.
Superimposing a 10 by 10 mm. button over the ellipse diagrams would indicate how inaccurate the
reaches would be.
A series of ellipse diagrams were generated. They indicate that reaches were more accurate when
drivers memorised the target position by touching it, then reached for the target again without
looking. Locating the target visually, and then reaching for that target without looking, resulted in
less accurate reaches.
Results from the statistical analysis show that accuracy as a function of reach distance, the method
used to locate the target (by touch or by glance), and the differences between age groups, were all
highly significant (p < .0001). Reach accuracy was better for shorter reach distances, for reaches in
which the target location was detected by touching the target, and for reaches performed by younger
drivers.

Motor reaction time
Many studies show a slowing of movement with age. It was therefore expected in this study that
older drivers would reach more slowly than younger drivers. The results, however, show the
opposite to occur. Older drivers demonstrated faster reaction times than younger drivers. Median
motor reaction times were faster for older drivers by up to 0.15 second when compared with
younger drivers.
The median motor reaction times for younger drivers were 1.07 seconds when targets were located
by touch, and 1.18 seconds when targets were located by glance. For older drivers, times were 0.95
seconds and 1.03 seconds respectively. These differences were highly significant, at p < .0001.
Fractions of a second can be meaningful when driving. A vehicle travelling 88 kilometres per hour
(or 55 miles per hour, the standard speed limit on many roads in the US) would travel
approximately 3 meters (almost 10 feet) in 0.12 second.
It is possible that the difference in reach times between younger and older drivers is a function of
driving strategy. Older drivers were more affected by the challenges of divided attention. Steering
accuracy worsened appreciably when older drivers performed reach tasks, being affected to a
greater extent than younger drivers.
Older drivers may have been less confident when performing the reach tasks, and may have
compensated by reaching more quickly in order to return their attention to steering, placing both
hands on the steering wheel as soon as possible for better control.

Discussion
The reason for comparing drivers in different age groups is certainly not to develop separate agerelated vehicles – it is difficult to imagine a car being successfully marketed for “older drivers”. The
two age groups were selected to help vehicle designers understand the needs of both younger and
older drivers. Driving abilities fall along a continuum, and individual capabilities vary. The division
into age groups is intended to determine general trends. Within each group, a wide range of abilities
was demonstrated.
Highway injuries and fatalities are daily occurrences and driving safety is a primary concern for all
drivers. Proper handling of a vehicle requires constant visual attention. Even so, attention to
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secondary tasks within the vehicle is inevitable. Among other distractions, heat and ventilation
controls, audio systems, cellular phones and electronic navigation systems all vie for attention. The
development of instrument panels that reduce or eliminate the need for visual attention is a
worthwhile goal. The advantages have been verified by the results of this study.
Driving requires constant visual attention. The findings from this study show that all glance and
reach tasks performed by drivers, regardless of age, resulted in a loss of steering control. This fact
alone implies that, to improve safety, vehicle manufacturers need to design instrument panels that
reduce the amount of visual attention and reach required. Wherever possible the need for visual
attention and reach should be reduced or eliminated. This would maximise the time that drivers are
able to command the vehicle with both hands on the steering wheel and eyes on the road ahead.
Steering accuracy for older drivers was more severely affected, and considering the increase in the
number of older drivers in the coming years, this is rather disconcerting.
In exploring reach accuracy, this study found that, in all cases, younger drivers reached more
accurately than older drivers. This finding is consistent with a number of other studies on age and
proprioception (the ability to accurately position body segments without visual assistance).
Push-button controls on automobile instrument panels come in a range of shapes and sizes. Audio
controls tend to be the smallest, sometimes as small as buttons found on desktop calculators, spaced
approximately 15 mm. center to center. Neither the younger or older drivers were able to
consistently reach within this level of accuracy. If the design objective is to reduce the amount of
visual attention, these designs are not appropriate for automobile instrument panel components. In
designing proper controls, older drivers present the greater challenge, since they demonstrate less
accuracy and larger variation of reach to all areas of the instrument panel.
The faster reach times performed by older drivers contradict presumptions that would be inferred
from other studies that show older subjects to be slower. Brogmus (1991), Greatorex (1991), and
Stelmach and Nahom (1991) all point to slowed movements with age. Brogmus asked subjects to
“be accurate in hitting the target and at the same time maintain maximum speed”. Greatorex asked
subjects to reach as fast as possible. Stelmach reviews a variety of studies that emphasise speed of
movement. Walker, Fein, Fisk and McGuire (1997) found older drivers to be slower in making
decisions while driving. These other studies were not conducted in the same context as the current
study, however. The instructions in the current study were not to react as quickly as possible, but to
reach accurately while maintaining steering accuracy on the driving simulator. If task strategy plays
an influential role in motor reaction time, then expectations of slower performance by older subjects
need to be reconsidered. Predictions based on tasks that concern the effects of age on the speed of
reach movements may not be applicable in real–world situations. Speed of movement, as observed
in this study, can be dependent on other the tasks being performed. This study may be unique in that
respect. Comparisons with movement time studies that do not include dual tasks would be unfair.
These results may not be applicable when the context is different. This study investigated hand
movements in a simulation of normal driving and did not investigate emergency situations. The
results seen here may not apply to emergencies, where the younger or older driver’s strategy would
be to reach as quickly as possible. Based on the findings of others, it is likely that younger drivers
would be faster in emergencies. However, emergency response was not addressed in this study.
The implication on design methodologies should be clear. Instrument panels, controls and displays
should only be designed in the context of driving. The risks associated with glances away from
forward view, and with divided attention, need to be considered.
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Two factors are pertinent: 1) consumers are placing more value on automobile safety, and 2) drivers
are getting older. The next step will therefore be to refine design methodologies and solutions that
can lead to better, safer automobiles. Small black on black controls that require extended visual
attention and reach times need to be eliminated. Radical redesign may be required. The concept of
flat instrument panels, dependent on visual search and reach from the shoulder, has been standard
practice in the automobile industry for decades. This solution needs to be reevaluated.
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